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TitkH ULTRASONIC INSPECTION APPARATUS AND METHOD FOR 
EVALUATING ULTRASONIC SIGNALS 

FIELD OF THE INVENTION 

[0001] The invention relates to an ultrasonic inspection apparatus for non-destructive in- 
spection of a test body 
^ said apparatus having 

a probe, mor e speoifically an angl e b e am probe, 

a tran s mitter that is connected to th e prob e and gen e rates transmitter pul se s it d e- 
liv e rs to th e prob e , 

a r e c e iv e r that is connected to the probe and r e ceives echo signals and 

a monitor with a display that is conn e ct e d to th e rec e iv e r for representing th e e cho 

signals r e c e iv e d, 

said probe deliv e ring ultrasonic puls e s and insonifying th e m at a certain angle into the test 
body, said puls e s p e n e trating th e t e st body wh e r e they ar e at l e ast onc e r e fl e ct e d from a r e ar 
wall of th e test body, forming, as a r e sult th e r e of, at l e ast one first leg that e xtends from the 
entranc e surfac e to th e r e ar wall and a s e cond l e g that e xt e nds from th e r e ar wall to th e e n 
tranc e surfac e . 

The invention further relates to a method of representing echo signals that are obtained using 
an ultrasonic inspection apparatus for non-destructive inspection of a test bod y as d e scribed 
h e r e in abov e. 

DESCRIPTION OF THE RELATED ART 

[0002] Suitable inspection apparatus have been known for ultrasonic non-destructive in- 
spection of a workpiece. Generally, the reader is referred to the German book by J. and H. 
Krautkramer, Ultrasonic Testing of Materials, sixth edition. 

[0003] The angle beam probe delivers high-frequency sound pulses (about 1-10 MHz) 
that are sent into the workpiece to be tested and are reflected from the entrance surface back 
to the angle beam probe on the one side and penetrate the workpiece on the other side pene- 
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trat e th e vvorkpieco where they are reflected at least once from a rear wall of the workpiece. 
The sound waves are reflected off inner inhomogeneities such as material flaws and are again 
received by the angle beam probe and processed in the ultrasonic apparatus. 

[0004] The method of the invention is suited for a plurality of current measurement 
methods; the invention will be explained herein-after with reference to the pulse-echo 
method. The angle beam probe delivers ultrasonic pulses preferably periodically and later re- 
ceives teteF-the echo signals of these delivered ultrasonic pulses. Generally, the echo signal 
from the entrance surface is a particularly strong signal that is stronger than the other echo 
signals. The other echo signals originate from the workpiece and more specifically from the 
rear wall of the workpiece. Inasmuch, the inspection method is suited for workpieces the en- 
trance surface of which extends substantially parallel to the rear wall so that the ultrasonic 
pulse is reflected several times back and forth within the workpiece. 

[0005] The angle beam probe is disposed next to the to-be-tested area and the sound sig- 
nal is insonified into the area of concern^ from the side for example so to sav . This is the case 
with ultrasonic inspection of weld seams^ for example. The ultrasound wave enters the mate- 
rial until it is partially or completely reflected from an interface. If the reflecting surface is 
normal to the direction of propagation, the sound wave will be reflected in its initial direction 
and will reach, after a certain travel time, a piezoelectric crystal disposed in the angle beam 
probe that converts the sound wavek back into an electrical pulse. The return ultrasound is 
again reflected from the interface crystal-workpiece surface with this small sound portion 
travelling a second time through the workpiece. Thus, what is termed an echo sequence is 
produced by multiple reflection from interfaces (rear wall of the part being tested or flaw) 
when using the pulse-echo method. 

[0006] Accordingly, when the test body has no flaws, the sound is reflected between the 
entrance surface and the rear wall of the test body and continues to penetrate the test body at 
a certain angle in the direction away from the angle beam probe. 

[0007] When inspecting weld seams, the angle beam probe is caused to move along the 
weld seam until a maximal flaw echo signal is produced. The echo signals received are di- 
rectly displayed on the monitor. Generally, they are displayed as what is termed an A-scan in 
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which the voltage values of the echo signals received are plotted down the side of the scan or 
along the vertical axis whereas time is plotted on the horizontal axis. As the sound wave is re- 
flected back and forth several times back and forth between the entrance surface and the rear 
wall, a sequence of uniformly spaced echo signals are produced^ the amplitude of which gen- 
erally decreases with increasing time. The discrete back and forth movements, meaning the 
distance the sound travels from the entrance surface to the rear wall and back is referred to as 
a leg. Starting from the angle beam probe, a first leg, which extends at an incline from the en- 
trance surface toward the rear wall, is first produced. From there, the sound is reflected, form- 
ing a second leg that extends from the rear wall toward the entrance surface, and so on. 

[0008] Because of the inclined orientation of the sound paths, the location of a reflector 
(flaw) in the test piece may only be determined by geometrical considerations and is com- 
puted on the basis of the known and measured data. 

[0009] For a successful manual inspection of the test body, it is necessary that the inspec- 
tor scans the test bodies with constant accuracy using the angle beam probe. This is the only 
known w av to achieve a result that is sufficiently precise. Also, this is necessary for docu- 
menting the test later. When testing large test bodies in particular, and more specifically^ 
when testing long weld seams, it may happen that the inspector, lacking concentration, but 
inaccurately follows the distance to be scanned. 

[00010] Using the prior art measurement methods, the inspector must therefore always 
keep an eye on the test body at all times and does not receive from the monitor any feedback 
from the monitor about the position of the angle beam probe with respect to the weld seam to 
be tested^ for example. As a result, the inspector must always alternately have a look on the 
monitor and on the test body. If, for instance, he detects a flaw on the monitor, that is to say, 
in the A-scan, and if he reacts too late, the inspector's hand holding the angle beam probe has 
already moved away from the critical site. As the inspector 4id-only looked on the monitor, it 
will be quite difficult for him to find the position of concern. 

SUMMARY OF THE INVENTION 

[00011] Thi s is wh e r e th e invention com e s in. The present disclosureft is directed to facili- 
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tating the work of the inspector. The present disclosur e inv e ntion aims at developing a method 
of evaluating ultrasonic signals produced using an angle beam probe by which the inspector 
is already provided with additional information during testing so that it is easier for the in- 
spectorh kft to inspect the test body. The present disclosur e invention is more specifically in- 
tended to provide the inspector with auxiliary information that will make it easier for him to 
precisely guide the angle beam probe as required. 

[00012] In accordance with the present disclosure invention , this is achieved both by an ul- 
trasonic inspection apparatus and by a method by which the received electric echo signals are 
represented on the display so as to show from which leg they originate. 

[00013] This means that the inspector can recognize at first glance whether a detected 
relevant signal such as a defect displayed on the monitor is located in the region of the first, 
the second or another leg. The distance between the relevant signal and the angle beam probe 
can be directly inferred therefrom. This makes it much easier for the inspector to inspect the 
test body since a look on the monitor will provide the inspectorh ka with readily understand- 
able information about the position of the angle beam probe. If, during testing, the inspector 
sees a relevant signal displayed on the monitor, the inspector will immediately know the dis- 
tance between the origin of the signal, the defect for example, and the angle beam probe. This 
tremendously facilitates the work of the inspector. 

[00014] The present disclosure inv e ntion is not only suited for manual testing of test bod- 
ies, it also is of assistance in the automatic scanning of a test body by means of an angle beam 
probe. The reason therefore is that, at a glance on the monitor, an inspector who does not 
manually control manually the travel of the angle beam probe immediately infers from the 
representation whether the site to be tested, such as the weld seam, is located in the right leg 
of the sound path and whether, as a result thereof, the angle beam probe is spaced the correct 
distance apart from the weld seam. 

[00015] As used herein, the term flaw is not only meant literally, that is, to refer to discon- 
tinuities, but is also to be construed as a significant signal. Accordingly, the invention also in- 
cludes finding any relevant location in a test body. 



4 



SUBSTITUTE SPECIFICATION - MARK-UP UNDER 37 CFR L125 

Express Mail No. EV567834169US Docket No. 100143.00010 



[00016] The prerequisite for such a system is the known insonification angle and the 
known wall thickness of the test body. The sound path for one leg and, as a result thereof, the 
transition from one leg to the next or the point at which the sound is reflected from the en- 
trance surface or from the rear wall can be readily calculated from this information. 

[00017] The different representation on the monitor of the legs or of the regions corre- 
sponding to a respective one of the legs can be performed using any suited representation 
method. 

[00018] The portion of the measured curve that is associated with a certain leg can^ for ex- 
ample^ be marked by a particular hatching or by a particular shade of grey of the background. 
This means that the measured curve itself remains unchanged. The information on which leg 
the respective portion of the measured curve is based is generated by the background. 

[00019] Alternatively, an additional symbol may be envisaged at those points on the 
measured curve at which the sound is reflected from the entrance surface or from the rear 
wall. These points correspond to the transitions from one leg to the next. Such symbols can 
be alphanumeric characters or dashed lines that intersect the measured curve for example. 

[00020] In a particularly advantageous implementation variant, the monitor comprises a 
colour color display. Depending on the leg on which the measured curve is based, said meas- 
ured curve may then be represented in different eeteu fcolor s. The use of strong eelewcolors 
such as primary eeteu fcolor s is advisable here. Also, the background of the measured curve 
can be represented accordingly in different eelewcolors. Beside LCD displays, other colour 
color monitors such as plasma displays have proved efficient. 

[00021] In another advantageous implementation variant, the angle beam probe comprises 
a calliper for recording the zero point position at the beginning of the inspection procedure. 
This means that inspection starts at a defined location on the test body, thesaid location being 
stored in the system. This permits to lat e r r e construct relevant positions of the angle beam 
probe to be later reconstructed on the basis of the stored data. For this purpose, the angle 
beam probe comprises means that serve to indicate the respective position on the surface of 
the body to be tested with respect to the location at the beginning of measurement. This can 
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be performed using^ for example^ a digital camera that is solidly connected to the housing of 
the angle beam probe. The digital cameraft is oriented so as to capture the surface of the 
body to be tested. It is anticipated that the digital camerai t delivers an image of theis surface 
of the body in proximity to the very location at which a central beam of the active sound ele- 
ment passes through the surface. At intervals, an electronic image of the surface portion 
which is respectively located beneath the lens of the digital camera, which accordingly lies in 
the object plane, is captured by means of this digital camera. The portion may have dimen- 
sions of a few millimetferSi for example^ such as 2 x 2 or 4 x 4 mm. Preferably, at given fixed 
intervals, the digital camera captures an image of the respective surface portion. The reader is 
referred in this context to the application DE 100 58 174 Al of the applicant. 

[00022] Also it can be advantageous if only that region of the test body to be inspected is 
represented on the monitor or on the display that is of interest for testing. This may^ for ex- 
ample^ be the weld seam to be tested. If the weld seam geometry is known and stored in the 
ultrasonic inspection apparatus or in the computer, both spatial limits and limits with respect 
to the amplitude to be taken into consideration may be entered. If, at the beginning of the 
measurement, the zero point position has been located, the distance of the angle beam probe 
from the weld seam can be computed any time based on the leg length or the wall thickness 
and on the insonification angle. Accordingly, it is possible to represent on the monitor, any 
time and independent of the position of the angle beam probe, the mere region of the weld 
seam. In this very case, it is particularly advantageous to represent the legs differently. The 
reason therefore is that, if the correct distance from the weld seam is maintained, a possible 
flaw or a relevant signal always has to occur in the same leg and the monitor and/or the 
measured curve accordingly always has to show the same representation. 

[00023] Depending on the movement of the angle beam probe, it is of course possible that 
the relevant signal has to occur in a path length of two or three legs for example, so that the 
representation varies accordingly. 

[00024] At a glance on the monitor and without an additional glance on the test body, a 
change in the representation will immediately tell the inspector whether he has moved the an- 
gle beam probe too far away from the weld seam. 
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[00025] It may for instance also be advantageous not to have the various legs represented 
in a particular way but to rather have a back and forth movement, that is to say two legs 
joined together, represented in the same way. Also, portions of several legs can be repre- 
sented in the same way accordingly. It is also possible to represent differently the various 
back and forth movements between the entrance surface and the rear wall when inspecting a 
test body with an ultrasonic inspection apparatus that is insonifying the test body. Finally, it 
may be sensible not to have the representation of the measured curve be dependent on the 
origin of the measured data but to only have it determined by time windows fixed in advance. 
For example, after a certain time interval, the measured curve can be represented in yellow to 
then be shown in another eelett fcolor after a certain time. 



BRIEF DESCRIPTIQN OF THE DRAWINGS 

[00026] Other features and advantages will become more apparent upon reviewing the ap- 
pended claims and the following non restrictive description of embodiments of the invention, 
given by way of example only with reference to the drawing. In said drawing: 

[00027] FIG. 1: is a schematic diagram of the sound path of an ultrasonic signal taking 
departure from an angle beam probe and passing through a test body; ? and 

[00028] FIG. 2 shows an exemplary representation, in accordance with the invention, 
of an A-scan. 

DETAILED DESCRIPTION 

[00029] FIG. 1 is a cross-sectional view of the basic structure of an ultrasound measure- 
ment using an angle beam probe 10 as the ultrasonic measurement apparatus. The angle beam 
probe 10, which includes a transmitter and a receiver, is connected by a wire cable 16 to a 
monitor 12, which in turn comprises a display 14. It may also be envisaged to use another 
kind of connection such as a wireless connection instead of the wire cable 16. 

[00030] The angle beam probe 10 is disposed on a test body 1 8. The test body 1 8 here is a 
portion of a steel plate that is connected through a weld seam 20 to a second steel plate. The 
test body 18 comprises an entrance surface 22 and a rear wall 24. Between the entrance sur- 
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face 22 and the rear wall 24, a sound path 26 is shown by a line. Taking departure from the 
angle beam probe 20, transmitter pulses, that is to say the sound, is first insonified obliquely 
into the test body 18 at a predetermined angle a, forms a first leg 28, is then reflected from 
the rear wall 24, forms a second leg 30, returns back to the entrance surface 22, is reflected 
again and forms a third leg 32 and so on. In the exemplary representation, the sound path 26 
intersects the weld seam 20 in the region of its second leg 30. It is readily possible to com- 
pute, from a wall thickness 34 and the angle a, the length of a leg 28, 30, 32 or the point of 
transition from one leg 28, 30, 32 to the next. 

[00031] If the sound hits a flaw 36 such as an air bubble, it is reflected as an echo signal 
back to the receiver depending on the orientation of the flaw. Now knowing which leg 28, 30, 
32 has hit the flaw 36, the inspector can now directly infer the approximate distance between 
the flaw 36 and the angle beam probe 10; the inspector t hen at least knows that the flaw is lo- 
cated on the path portion of the corresponding leg 28, 30, 32. 

[00032] In another advantageous implementation variant, the angle beam probe 10 com- 
prises a calliper for recording the zero point position at the beginning of the inspection proce- 
dure. This means that inspection starts at a defined place on the test body, this place being 
stored in the system. For this purpose, the angle beam probe 10 comprises a means 38 that is 
solidly connected to the angle beam probe 10 and serves to indicate the respective position on 
the surface of the body to be tested with respect to the position at the beginning of measure- 
ment. This may be achieved using a digital camera that is solidly connected to the housing of 
the angle beam probe. It is oriented so as to capture the surface of the test body. 

[00033] FIG. 2 is a schematic diagram showing what is termed an A-scan 40 that is repre- 
sented on the display 14 of the monitor 12. The voltage values U in V of the echo signals re- 
ceived are plotted down the side of the scan on the y-axis (the voltage value axis 43) whereas 
time is plotted in seconds on a horizontal time axis 41 (the x-axis). 

[00034] The transmitter periodically delivers transmitter pulses that cause the angle beam 
probe 10 to deliver short ultrasonic pulses. The various ultrasonic pulses first travel through a 
coupling means. A part of each pulse is generally reflected from the entrance surface 22 and 
arrives as an entrance echo 42 in time before other signals in the receiver. Generally, one part 
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of each ultrasonic pulse penetrates the workpiece and is, as already explained, reflected from 
the rear wall 24 and accordingly propagates in the test body between the entrance surface 22 
and the rear wall 24. The illustrated measured curve 44 is obtained. Moreover, a part of the 
ultrasonic pulse that has penetrated the workpiece is also reflected from defects such as the 
flaw 36, provided such defects exist. 

[00035] The ultrasonic measuring apparatus, or a computer cooperating therewith, com- 
putes the positions at which the one leg 28, 30, 32 merges into the next one, that is to say, at 
which the sound is reflected from the entrance surface 22 or from the rear wall 24. In accor- 
dance with the invention, these data are employed to visually represent the various legs 28, 
30, 32 on the display 14. As shown in FIG. 2, this may be shown by lines 46 that intersect the 
measured curve 44 at the corresponding places. Alternatively, the background of the meas- 
ured curve 44 could also be devised according to the legs 28, 30, 32 and could^ for example^ 
be hatched or eeleu fcolore d with different shades of grey: 

[00036] The use of a eete wcolor display has proved very advantageous because it allows 
both to simplify and to make more visible the marking of the portions of the measured curve 
44 corresponding to the discrete legs 28, 30, 32. The backgrounds of the measured curve 44 
may then be highlighted in different eeleu rcolor s or the measured curve 44 itself can com- 
prise different eeleu fcolor s depending on the origin of the data originating from the respec- 
tive one of the legs 28, 30, 32. 

[00037] It may also be advantageous that only that region of the test body 18 to be in- 
spected is represented on the monitor 12 or on the display 14 that is of interest for testing. 
This may for example be the weld seam 20 to be tested. Both spatial limits and limits relative 
to the amplitudes to be taken into consideration are entered and regarded. This means that 
only those signals are displayed that originate from either the region of the to-be-tested weld 
seam 20 and/or the intensity of which exceeds the minimal limit and/or remains below the 
maximal limit. This also facilitates the work of the inspector. 

[00038] From what has been said herein above^ it is obvious that the apparatus of the pre- 
sent disclosure invention , and in particular^ the method of inspecting workpieces performed 
therewith, are suited for serial measurement. An example of a serial measurement is the in- 



9 



SUBSTITUTE SPECIFICATION - MARK-UP UNDER 37 CFR 1,125 

Express Mail No. EV567834169US Docket No. 100143.00010 



spection of weld connections of automobile bodyworks. The inspection apparatus is first ad- 
justed on a workpiece or on a few workpieces prior to performing serial testing. 

[00039] The present disclosure inv e ntion is not limited to the exemplary embodiments de- 
scribed but also covers all the other equivalents. Also, claim 1 i s m e r e ly to b e constru e d as a 
first draft of a propos e d wording. 
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